The Experimental Production of Leukocytic Changes in Normal Blood Similar to Le-Cells and Morphologically Identical with Le-Cells1  by Inderbitzin, Theo
THE EXPERIMENTAL PRODUCTION OF LEUKOCYTIC CHANGES
IN NORMAL BLOOD SIMILAR TO LE-CELLS AND MORPHO-
LOGICALLY IDENTICAL WITH LECELLS*
THEO INDERBITZIN, M.D.
The phenomenon of the production of LE cells in acute disseminated lupus
erythematosus has been demonstrated in the sternal marrow (1) in the peripheral
blood (2) as well as indirectly after the addition of patient's serum to normal
blood (3). It can be divided into the three following characteristic processes re-
sulting from the research thus far accomplished:
1. into a breakdown of cells, especially of the neutrophilic and lymphocytic
elements (also monocytes), and lysis of the nuclear masses of these cells into
amorphic acidophilic clumps, when stained with May-Grunwald-Giemsa.
2. into a concentric arrangement of undamaged neutrophiles (also a few mono-
cytes) around these amorphic masses of degenerated nuclei forming rosette
patterns, and
3. their phagocytosis by neutrophiles, monocytes and eosinophiles forming the
so-called LE cell.
By fractional studies of serum, Haserick (4) was able to show that the principle
responsible for the induction of the phenomenon on normal white blood cells was
bound to the gamma-globulin fraction of the patient's serum and possessed the
properties of an antigen (5).
In two previous papers (6, 7) we described leukocytic changes in normal blood
morphologically similar to LE cells. These changes were produced by the high
molecular weight compounds which act as anti-coagulants, Liquoid Roche (so-
dium polyanetholsulfonic acid) and PYAS-Roche (sodium salt of polyvinyl
alcohol polysulfonic acid ester). t
These experiments are important in that the results, in particular those of
PYAS, suggest a relationship of the phenomenon with the heparins. This led
to the hypothesis that the formation of LE cells in acute disseminated lupus
erythematosus might depend upon the presence of pathologic heparinoids
(mucopolysaccharides), which eventually might be related to the injury of the
connective tissue seen in this disease (21).
This paper summarizes the work done so far and supplies some further experi-
mental studies with the aforementioned high molecular weight substances. The
experience gained by future studies should permit a more precise consideration
of the interpretations offered until now.
* From the Dermatological Clinic of the University of Zurich. Director: Prof. Dr. G.
Miescher.
Received for publication July 14, 1952.
t We extend our thanks to the I{offmann-La Roche Co. in Basle for having placed at our
disposal all the products used in this experiment.
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EXPERIME1TAL
1. Liquoid Roche
Through direct coagulation retardation with Liquoid Roche phagocytosis may
be observed by the white blood cells, especially by the neutrophiles and mono-
cytes. Light to dark blue inclusion bodies, partially clumped, may be seen. The
changes noted in the structure of the cells were eccentric displacement of the
nucleus and digestive vacuole formation aroUnd the phagocytized material. This
shows a morphologic similarity to the genuine LE cells. However the engulfed
masses consisted chiefly of thrombocytic clumps. In only 2—10% (20%) of the
cases, degenerated or practically intact nucleoplasm was phagocytized.
These morphologic changes produced by Liquoid Roche have also been found
by other investigators (23). The fact that these bluish masses are really throm-
bocytes can be demonstrated by using defibrinized blood in which blood platelets
are almost completely lacking. In this instance we found only the so-called foreign
phagocytosis of the nucleoplasm of other white blood cells.
TABLE 1
Effect of liquold
I LIQUOID TO WASHED
LIQUOID LEIJKOCYTES FROMLIQIJOID AS LIQUOID ADDED 0 ________________DIRECT ANTI- DEFIBRINIZED
-
COAGULANT BLOOD HEPARINIZED a) defi- b) hepari-BLOOD brinized nized
blood blood
Phagocytosis of thrombocytes — — +++
Phagocytosis of nucleoplasm (+) (+) (+) (+) (+)
Digestive vacuole formation ++ (+) ++ (+) ++
At first, there was the opinion that Liquoid Roche could only accomplish the
leukocytic changes mentioned, in combination with serum or a plasma fraction
(22). Through more refined washings of the white blood cells, it was shown that
the phenomenon could be produced as well, if not better, on leukocytes freed of
serum (Table 1).
To summarize—although the leukocytic changes produced by Liquoid Roche
resemble LE cells, they cannot be considered identical with genuine LE cells, as
the most recent investigations have shown. In the genuine LE-phenomenon there
is mainly a phagocytosis of decomposed homogeneous nuclear material, whereas
with Liquoid there is phagocytosis of injured thrombocytic masses. Phagocy-
tosis of more or less decomposed nucleoplasm occurs to only a minor degree.
Furthermore, the latter has not been destroyed or broken up into amorphic,
strongly acidophilic masses which no longer can be differentiated. The almost
absolute lack of any structure of the phagocytized material of the genuine LE
cell is important in comparison with the results obtained experimentally. We
have long been able to produce phagocytic phenomena by the white cells in which
the phagocytic cells morphologically resembled the LE cells. However, the de-
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struction of the Cells and decomposition of the nuclei into amorphic acidophilic
material with 'subsequent phagocytosis was lacking. In our eRperiments we were
still able to identify the origin of the material which had been engulfed. The
qualitative changes were always shown by using the May-Grunwald-Giemsa
stain. American investigations were made using Wright stain, which showed not
very substantial hut still evident differences from the May-Grunwald-Giemsa
stain.
Fin. 1. Phagocytie changes due to Liquoid Roche
1, 2, 3. Phagocytosis of light to dark blue mainly amorphous thrombocytie material
Typical exeentrie displacement of the cellular nucleus around the ingested material. The
cells display a striking morphological resemblance to the so-called LE cells.
4. Phagocytosis of a second practically normal neutrophile cell.
Furthermore. the action of Liquoid is completely independent of any serum
factor, in contrast to the production of genuine LE cells, where the responsible
factor depends on the gamma-globulin fraction of the patient's serum.
2. PVAS Roche
Through direct coagulation-retardation with PVAS (7), the phagocytic phe-
nomenon was also observed on the white cells. Primarily, large vacuoles were
produced, especially in the neutrophiles, eosinophiles and monocytes. It was not
possible to decide in every case whether or not digestive vacnolization occurred
,1
I
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after phagocytosis or as the direct effect of PVAS. Here, in contrast to Liquoid,
the platelets are unchanged by staining. By the direct coagulation-retardation
they are seen to be agglutinated in smears. Phagocytosis of thrombocytic material
could not be demonstrated. Besides the vacuolization, there is a strong tendency
for the cells to disintegrate. Intact cells and those disintegrating often con-
glomerate. At times, we found rosette-like formation of white cells around de-
composed material. These disintegrated and often intact cells, especially neutro-
philes and lymphocytes, are phagocytized by other neutrophiles, eosinophiles
and monocytes. However, a complete homogenization of the broken-up cells
into amorphic acidophilic masses could not be observed. Since the leukocytic
changes could not be reproduced on washed white blood cells which were treated
with PYAS, whereas changes were obtained by adding fresh serum to the ce'ls,
we must conclude that the changes are probably bound to a serum fraction. It
should be noticed that by inhibiting blood coagulation, first with heparin, and
subsequently adding PVAS, the leukocytic cellular changes did not occur. The
TABLE 2
Effect of PVAS
PVAS TO WASBED
PVAS ADDED PVAS LEUKOCYTESWAS AS TO DEFIBEI- ADDED TO __________________
NIZED HEPARINIZED
a) deS- b) hepari-BLOOD BLOOD brinized nized
blood blood
Phagocvtosis of thrombocytes — — — — —
Phagocytosis of nucleoplasm + + — — —
Digestive vacuole formation + + — — —
necessary serum factor, in this case, could have been blocked by heparin
(Table 2).
We tried to inactivate the serum fraction in question by heating normal serum
at temperatures between 45—60°C for a half hour. In heating the serum above
55°C and then mixing it with PYAS, the changes on the washed leukocytes could
not be obtained. On the other hand, the serum that had been mixed previously
with PYAS and then heated in the same manner showed an extraordinary effect
on washed white cells and also, as later experiments revealed, on heparinized and
defibrinized blood. The decomposition, especially of the neutrophiles but also of
the lymphocytes, becomes more pronounced. For the first time, homogeneous
masses consisting mainly of amorphic, strongly acidophilic clumps are found.
These acidophilic clumps are usually round varying in size from 1/10 to 10 to 12
times as large as a leukocyte. Using the May-GrUnwald-Giemsa stain the color
varies from light red to dark red with a violet tone.
Aside from the completely homogeneous form, forms are found with a fine to
coarse mesh structure that sometimes resembles a decomposed lymphocytic or
monocytic nucleus. All these forms are also found in the genuine LE phenomenon.
From the investigations so far reported, especially by American authors, the
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acidophilic masses found in genuine LE phenomenon seem to consist mainly of
decomposed nuclear material of other white cells. Although the similarity be-
tween the experimental and clinical LE phenomenon is very marked in respect to
"rosette"-formation and phagocytosis of the acidophilic masses, we have found,
that these do not consist of decomposed nuclear material. Our investigations
showed, that they might be composed of a finely dispersed colloidal protein.
FIG. 2. Phagocytic changes due to direct coagulation retardation with PVAS
1. Rosette pattern of phagocytic neutrophiles around the still identifiable nucleoplasm
of a decomposed neutrophile.
2. Phagocytosis of a practically normal neutrophile.
3. Phagocytosis of a lymphocyte.
4. Digestive vacuole formation.
In heating serum, to which PYAS has been added, on the average from 58—59°C
for half an hour, it is possible to produce abnormal leukocytes which, when
identified by usual methods, are morphologically identical to genuine LE cells
(Table 3).
Investigations to Ascertain the Serum Factor in Question
If a 1% solution of PVAS is added drop by drop to normal serum the proteins
will be precipitated. By further addition of PYAS, as well as heating the serum,
the precipitation disappears. Experiments to ascertain the serum components
H
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in question by precipitation with PYAS led to no satisfactory results. Therefore,
we tried to determine the component by fraetioning the serum protein into its
various components. We employed the following technics:
1. By use of paper chromatography. Serum is placed on a strip of paper saturated with
a buffer solution. The paper, in the buffer solution, is then placed in an electric field
for 15 hours, to separate the various protein fractions. After drying at room tem-
perature, the paper is cut lengthwise. One half is stained to determine where the
various fractions lie, and from this it can be determined where to cut the unstained
half in order to obtain the separation. The various fractions are then removed with
a Tyrode solution (5).
2. The salting-out method using Howe's sodium sulfate technic (9) yielded better
results. The four fractions (albumin, alpha, beta and gammaglobulins), isolated in
this way are concentrated in a vacuum and then dialised to an isotonic solution
using veronal acetate buffer of pH 8 6 '1 he isotoniuity is checked on a suspension of
red cells, whereby no hemolysis must appear after one hour at 37°C. On the one hand,
the protein fractions of the untreated serum were precipit%iteo then PVAS '.ias
added and heated for one half hour from 58—59 C. This was then used, in the usual
TABLE 3
Comparison of the working of PVAIS on direct addition and with serum treated with PVAS
DIRECT PVAS ADDED TO iER1JM AND A EDADDITION OF iEROM HEATED FVAi HEATED FVA1
FVAi TO TO 59°C TO 59°C TO
Washed leukocytes — — —
Heparinized blood
I
— — +-]-+ —
Defibrinized blood + + +++ +
+ = Phagocytosis of identifiable decomposed nuclei and nucleoplsm, occasionally also
rosettes.
= Rosette formation around amorphous acidophilic masses and phagocytosis of
them corresponding to the changes by genuine LE phenomenon.
manner on defibrinized or heparimzed blood Then we precipitated the protein
fraction from the serum which had been previously treated with PVAS. These pro-
duced typical leukocytic changes in defibripized or heparinized blood.
From Table 4 and 5 it can he inferred that only the gamma globulin fraction
is responsible for the production of the experimental LE cells. The two negative
results of gamma-globulin with treated serum may have been due to denatura-
tion as result of precipitation, concentration and dialysis.
Mechanism of Phagocytosis
Considering that the leukocytic changes are inhibited by adding PYAS to
serum previously treated \vith the anticoagulant, heparin, but reappear if serum
is added in excessive amounts, it might be assumed that the gamma-glohulin
necessary for producing these changes was displaced by the heparin. The question
arose as to whether other serum fractions also played a role in the phenomenon.
Therefore, instead of using heparin we employed sodium citrate and sodium
oxalate as anticoagulants. Subsequent addition of the PYAS produced no leu-
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kocytic changes How e er the use of sodium oxalate upon the addition of PYAS
produced a piecipitation of oxalate ciystals These crystals were phagocytized
by the white cells. By using sodium citrate or sodium oxalate as anticoagulants,
and then adding PYAS it was seen that not only the phagocytic phenomena but
also the destructive effect of PYAS on the cells was largely abolished. It may be
assumed that by inhibiting blood coagulation with sodium citrate or sodium
oxalate the injury to the leukocytes by PVAS is prevented through the loss of
the calcium ions. However, the phagocytic property of the white blood cells is
TABLE 4
Protein fractions of normal serum
Various fractions treated with PVAS
Composite of 10 different series
__________ —
ALBUMIN a GLOBULIN
—
5 GLOBULIN a + 5 GLOBULIN 7GLOBULIN
1 - - - - +
2 - - -- - +
3 - - - (+) (+)
4 - - - - +
5 — - - - +
6 — — — — (+1
7 - — - - (+)
8 - — - (+) (+)
9 — — — — —
10 — — — +
+ = Rosettes around amorphous acidophilic material and phagocytosis of it.(+) = Merely phagocytosis of amorphous acidophilic masses.
TABLE 5
Preliminary treatment of normal serum with PVAS
Use of the various fractions
CONTROL OF THE VARIOUS PROTEIN FRACTIONS
CONTROL OP THE IRRA WITH HEPABINIZED _________--_______________________ _______—_________
BLOOD OR DEPIBRINIZED BLOOD
Albumin Globulin Gloulio Ginlin i Glnbulin
Sera 1—10: + — — — — 8 fractions +
2 fractions —
not limited a the phagocytosis of oxalate crystals shows. The question now arises
if all that is necessary for the occurrence of LE production or in a broader sense
phagocytosis itself, is the presence of a material that can be phagocytized. Ex-
periments in which suspensions of white cells had been decomposed mechanically
or thermically and then added to normal blood, did not confirm this view. Similar
experiments by P. Miescher (11) were also negative except for an occasional
phagocytosis of an erythrocyte. The presence of cellular material alone is not
sufficient to provoke a phagocytosis by the white cells. There must be a more
complex mechanism for the production of genuine as well as experimental LE
a
2.
4. a
6
0
8
Ftc. 3
1, 2, 3. Typical rosette formation. The normal neutrophiles are arranged concentrically
around the amorphous acidophilie masses.
4, 5, 6. Phagocytosis of the amorphous masses with formation of the so-called LE cells.
In contrast to Liquoid inclusions, which stain bluish with May-Grunwald-Giemsa, these
inclusions staining pinkish red, are strongly acidophulie.
7. Digestive vacuole formation.
74
EXPERIMENTAL PRODUCTION OF LEUKOCYTIC ChANGES 75
cells. The rosette-like arrangement of the intact neutrophiles around these
acidophilic clumps is greater than the occasional conglomeration of intact cells
around decomposed, but still identifiable material that is obtained by direct
coagulation-retardation with PYAS. It was not shown if there was an inhibition
of the formation of genuine LE cells by precipitation or linkage of the serum
calcium which is known to be bound specifically to the gamma-globulins (12).
This does not appear likely as no inhibition of the phenomenon may be seen
either by using senim which had been treated with PYAS or by using sodium
citrate, sodium oxalate or heparin.
The Phagoeytosis of Erythrocytes
The phagoeytosis of erythrocytes through neutrophiles, eosinophiles and
monocytes which is observed in the genuine LE phenomenon, in the experiments
with Liquoid and PVAS, by mixing the blood with cellular break-down products,
as well as contact of the blood with the unsulfonated compound of PYAS (see
below), is, in the opinion of the author, to be sharply differentiated from other
phagocytoses. It is not specific for either acute disseminated lupus erythematosus
or experimental investigations.
The cells in genuine LE phenomenon that phagocytize erythrocytes are also
called pseudo-LE cells (20). In addition, phagocytosis of red blood cells is recog-
nized in acquired hemolytic icterus, by fetal erythroblastosis as well as in various
infections and intoxieations (14). Baumgartner (14) showed that hemopsonine
was mainly responsible for the phagocytosis of the erythrocytes and that a wide
variety of chemicals have opsonine properties.
The Active Component of EVAS Substances
Patat and Vogeler (13) found that the physical-chemical properties of PVAS
substances are remarkably similar to heparin. They are biologically very active
anticoagulants, but in contrast to heparin, very toxic.
Since the PYAS are foreign substances to the body, it followed logically, in
analogous experiments, to determine to what degree the unsulfonated compound
(polyvinal alcohol = PVA) behaved similarly. We investigated a series of differ-
ent polymerization products of PVA by direct addition (of 0.2—1.0 cc of 1%
solution) to normal blood, that was defibrinized to avoid the intervention of
heparin. The indirect method in which the PVA was added to serum and heated
to various temperatures for one half hour was also used.
With the exception of slight increasing cellular break-down with compounds
of increasing molecular weight, and occasional conglomeration of more or less
decomposed white blood cells in unsystematic arrangement, as well as an occa-
sional phagocytosis of a red blood cell by a neutrophile or monocyte, no changes
to LE cells similarly could be observed. Investigations were carried out with
substances with molecular weights of 4300, 12000, 18500, 24000,36500 and 49300,
determined by a viscosimetric method (15). The results of the investigations
with the various polymerization products is summarized in table 6. From the
results no correlation could be ascertained between the molecular weight (degree
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of polymerization) or sulfur content and the action of the chemical. A number of
other high molecular weight anticolagulants with varying sulfur contents were
investigated in further studies:
1. Laevane polysulfonic acid ester Mol. wt. 12000, S-content 16%
2. Dextrane polysulfonic acid ester Mol. wt. 12000, S-content 18%
3. Chondroitine polysulfonic acid ester Mol. wt. 12000, S-content 13%
4. Treburon Roche (see 16, 17)
These substances were all without effect in regard to the cellular phenomenon.
Negative results were also obtained by the use of various heparins as direct anti-
coagulants as well as addition to previously heated serum. The animal heparins
used were: (see Marbet and Winterstein 19):
Heparin from steer's lung
Beta-heparin from steer's lung
Heparin from horse's lung and liver
Heparin from dog's lung and liver
TABLE 6
Effect of varions PVAS preparations
By use as direct anticoagulants
ROSETTES AROUND
MOL. WT. SULFUR CONTENT 11j PHAGOCYTOSIS EN
NUCLEOPLASM.-
Pvas/34 15,000 16 (+)
l'vas/22 25,000 13.3 (+)— — ++
Pvas/18 42,000 13 + + +
Pvas/36 50,000 18 ((+))— — ((+))—
Pvas/35 60,000 16.8 + + ?
All substances give the typical experimental LE phenomenon when they are heated
with serum.
Heparin from pig's lung
Heparin from sheep's lung and liver
Beta-heparin from sheep's lung
Heparin monosulfonic acid from steer's and sheep's lung.
DISCUSSION
From the experimental results, the conclusions may be drawn, that through
heating normal serum with PVAS, an increased combination with the experi-
mental demonstrable gamma-globulin takes place, or that the gamma-globulin
undergoes marked changes. With the serum prepared in this manner, as with the
gamma-globulin isolated from it, the indirect genuine LE phenomenon produced
in normal blood cannot be differentiated, by the usual technics, from the morpho-
logically adentical genuine LE cell changes. The previously described phagocytic
processes (7) observed on the leukocytes by direct coagulation-retardation with
PVAS, are to be construed as preliminary changes.
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The possible and observed phagocytic chaiiges are given in table 7. Liquoid
Roche as well as PYAS Roche lead to phagocytic changes on the white blood
cells by direct coagulation retardation. In both cases it can be assumed that the
primary effect is a cell destruction and the phagocytosis is secondary. Both sub-
stances are characterized chemically by their high molecular weight aud com-
bined sulfonic acid, and also biologically with the heparins. That the experimen-
tal changes by these substances result in the transition from normal white blood
cells to LE cells similar or morphologically identical, is an experimental fact
whose deeper mechanism is, as yet, unclear. The manner in which both sub-
stances inhibit clotting is also not fully known. It is assumed that Liquoid, by
its effect on the fibrinogen, inhibits the formation of profibrin (24).
Although our experiments to date indicate that the molecular weight and the
sulfur content are of some importance in the production of the leukocytic phe-
nomenon, the types of similarly acting substances are not necessarily limited.
Our hypothesis that the genuine LE phenomenon is based on a possible patho-
logic combination of heparinoids (pathologic mucopolysaccharides) with the
TABLE 7
Schema of phagocytoszs
Direct coagulation retardation with PVAS
Neutrophiles ) I neutrophilic
Eosinophi]es . Ivmphoeyticphagocytize and -ç •. materialand monocytic
Monocytes J ( (ervthrocytic) J
Serum treated with PYAS
Nentrophiles ' phagocytize amorphous acidophilic material and erythro-
Eosinophiles and Monoeytes J cytes.
gamma-globulin fraction, is drawn from the fact that the PVAS substances show
a certain physico-chemical and biological relationship with the heparins and that
gamma-globulins are necessary for the experimental production of LE cells. The
origin of these pathologic heparinoids could be explained on the basis of degenera-
tion of the collagenous connective tissues in acute disseminated lupus erythema-
tosus which consists in part of hyaluronic acid aud chondroitinpolysulfonic acid,
substances closely related to heparin.
Klemperer and his associates (25) have reported that in the Libman Sacks
Syndrome hematoxylin-stained bodies, which could be identical with the inclu-
sion bodies of genuine LE cells, are detectable in the tissues. Furthermore, he
was able to detect phagocytosis of these bodies by neutrophiles and histiocytes.
These phagocytic cells could be identical with LE cells.
Our experiments with cellular changes morphologically identical with genuine
LE cells can only be produced in a serum that has been subject to such physical
processes that it is impossible for it to occur in the organism. In addition PVAS
is a foreign substance to the body. Therefore, we have begun experiments \vith
substances that normally occur in the body which are capable of being polymer-
ized and sulfonated.
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SUMMARY
The experimental production of leukocytic changes in normal blood similar
to LE cells and morphologically identical with LE cells is reported.
Liqnoid Roche, by direct coagulation-retardation, leads to phagocytosis of
light to dark blue stained clumped thrombocytic masses, whereas the phagoey-
tosis of decomposed nuclei and nucleoplasm is only of secondary importance
(2—1O—20%). The Liquoid activity is independent of any serum factor. The cell
changes produced by Liquoid on the white blood cells morphologically show a
marked similarity to the so-called LE cells but are not identical with them.
Various polymerization products of PVAS, through direct coagulation-retarda-
tion, also cause phagocytic changes on the white blood cells. In this case it was
shown that phagocytosis of decomposed but also of largely undecomposed nuclei
and nucleoplasm occurred. For all practical purposes the phagocytized material
can be microscopically identified as to its origin. The PVAS effect is dependent
on the gamma-globulin fraction of the serum, which perhaps combines with the
substance. At any rate it must be essentially changed. The leukocytic changes
observed in this case are also very similar to the LE phenomenon, but not abso-
lutely morphologically identical with them.
The morphologically identical LE phenomenon changes (rosettes around amor-
phous acidophilic material and the phagocytosis of it) could only be produced
with a serum that was treated with PVAS and heated. However the PVAS is
a foreign substance to the body.
The theory already expressed that the genuine LE phenomenon is based on
the action of pathologic heparinoids in combination with the gamma-globulin
fraction in the patients serum, has again been discussed.
I would like to extend my thanks to my laboratory technician, Miss II.
Wuthrich, for her invaluable assistance.
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